Background Standard treatment for Glanzmann thrombasthenia (GT), a severe inherited bleeding disorder, is platelet transfusion. Recombinant activated factor VII (rFVIIa) is reported to be effective in GT with platelet antibodies and/or refractoriness to platelet transfusions. Methods We evaluated rFVIIa effectiveness and safety for the treatment and prevention of surgical and nonsurgical bleeding in children <18 years old, with or without platelet antibodies and/or refractoriness, as reported in the GT Registry (GTR). Data were used from the GTR, an international, multicenter, observational, postmarketing study of rFVIIa that prospectively collected data on the treatment and outcomes of bleeds in patients with GT. Only patients with a diagnosis of congenital GT were included in the registry. Results Between 2007 and 2011, 27 children were treated for 44 surgical procedures (minor: 36; major: 8); nonsurgical bleeds occurred in 104 patients (599 episodes: severe, 145; moderate, 454; spontaneous, 423; posttraumatic, 176). The effectiveness of treatment for minor procedures, major procedures, nonsurgical bleeds was 6/6, 1/1, and 75/84 for rFVIIa, 6/6, 2/2, and 64/76 for rFVIIa þ antifibrinolytics (AF), 11/12, 1/1, and 162/214 for platelets AE AF, and 5/6, 0/3, and 33/45 for rFVIIa þ platelets AE AF. In all, 25 adverse events were reported in children; no thromboembolic events were reported. Conclusion For all patients, regardless of platelet antibody or refractoriness status, rFVIIa, administered with or without platelets (AE AF), provided effective hemostasis with a low frequency of adverse events in surgical, as well as nonsurgical, bleeding in patients with GT. clinicaltrials.gov identifier: NCT01476423.
Introduction
Glanzmann thrombasthenia (GT) is an autosomal platelet function disorder caused by a quantitative or qualitative defect of the platelet membrane glycoprotein IIb-IIIa (integrin αIIbβ3) complex.
1,2 With a prevalence of 1:1 million, GT is rare, although the prevalence is higher in areas where marriage between relatives is common. It manifests clinically as an increased tendency to spontaneous bleeds (e.g., epistaxis, hematoma, menorrhagia, and bleeding complications) and also during and after surgery.
2,3
The standard treatment for GT is platelet transfusion (PT), which carries the risk of development of antibodies (AB) to αIIbβ3 and/or human leukocyte antigen (HLA). Possible alternatives to PT include the administration of antifibrinolytics (AF), local hemostatic agents, and bone marrow transplantation. In addition, recombinant activated factor VII (rFVIIa) can be used for the treatment and prevention of bleeding episodes, and for surgery, in patients with GT and AB, as well as past or present platelet refractoriness. Nevertheless, this off-label use of rFVIIa in patients with GT who have bleeds is increasing, mainly because of its convenience and to avoid alloimmunization to platelets. Data from an international survey of patients with GT who have bleeding episodes or hemorrhagic surgery complications supported a preliminary suggestion of an optimal rFVIIa dosing regimen for the treatment of moderate or severe bleeding episodes (!80 μg/kg given at intervals of 2.5 hours for !3 doses). 4 Based on these survey results, rFVIIa was approved by the European Medicines Agency (EMA) in 2004 for use in patients with GT who have AB and past or present platelet refractoriness.
As the prevalence of GT is so low, data are not readily available for different subgroups of patients. Particularly rare are data on the treatment of GT in children, for both surgical and nonsurgical bleeding; though case studies are available, no large pediatric studies have been conducted. The GT Registry (GTR) was an international, multicenter, observational registry that focused on both adults and children. As such, it is one of the first efforts to provide pediatricians with comprehensive information on the effectiveness and safety of rFVIIa in children. This article summarizes new GTR data and aims to evaluate rFVIIa effectiveness and safety as a treatment for young patients with GT. Treatment results for all GTR patients have been published previously.
5,6

Methods
The GTR was an international, multicenter, observational study on the effectiveness and safety of rFVIIa in patients with GT (ClinicalTrials.gov identifier: NCT01476423), prospectively collecting data on the treatment and outcomes of bleeds. Data were entered into the GTR from 2007 until its closure in 2011, using a customized, Web-based collecting tool. Treatment was based on local clinical practice rather than a set protocol, and performed in accordance with general data protection laws and local country requirements for conducting observational studies. 5, 6 Centralized data management was overseen by Novo Nordisk and an external expert panel comprising four hemostasis physicians from Europe and North America.
Patients
The analyses focused on patients <18 years old, and only a diagnosis of congenital GT was included in the GTR. Patients with acquired thrombasthenic states caused by autoimmune disorders or medications were excluded. Refractoriness and the presence of AB were coded initially and assessed periodically as deemed necessary by the investigator. Because tests for AB may not have been available at all centers, AB may also have been present in patients classified as having refractoriness only. For GT definitions, as well as key terms regarding bleeding, surgery, and definitions of effectiveness (effective, partially effective, ineffective), see ►Supplementary Table S1 .
Ethics Committee Approvals
The GTR was conducted in accordance with the Declaration of Helsinki and Guidelines for Good Pharmacoepidemiology Practices. Each participating center complied with local regulations. Ethical and/or regulatory approval was obtained before data entry into the registry, as required. Signed informed consent to participate was obtained from all parents/legal guardians of the patients.
Statistical Methods
The effectiveness analysis was based on all children in the GTR and treatment-allocated bleeds for which the efficacy endpoint was known. All children and bleeding episodes were included in the safety analysis. The effectiveness data were summarized using numerical variables (mean, standard deviation, median, maximum, and minimum), while categorical variables were summarized as numbers and percentages. No formal statistical comparisons were performed. No subdivision into age groups was performed because patient numbers would be too low to yield meaningful results.
Results
GTR Enrollment and Composition of Datasets
Details of recruitment into the GTR and the safety and effectiveness datasets for all surgical and nonsurgical bleeds have been reported previously for adults and children. 5, 6 For children with GT, data were collected from 643 admissions (bleeding, 599; surgery, 44); 131 children with GT were enrolled from 45 sites in 15 countries from Africa, Asia, Europe, and North America. The safety analysis dataset included all 643 admissions, while effectiveness analyses were performed using data available from 590 admissions for nonsurgical bleeding and 44 surgical admissions.
Clinical and Demographic Characteristics of the GTR Population Undergoing Surgery or with Nonsurgical Bleeds
The clinical and demographic characteristics of children who participated in the GTR and underwent surgery are provided in ►Table 1. Of 44 invasive procedures reported in 27 patients, 36 (in 23 patients) were minor and 8 (in 8 patients) were major. Of the 599 admissions for nonsurgical bleeds in children, 145 (24.2%) were classified as severe and 454 (75.8%) as moderate, while 423 bleeds (70.6%) were spontaneous and 176 (29.4%) were classified as being posttraumatic (see ►Supplementary  Table S2 for a detailed description of the bleeding episodes reported). Clinical and demographic characteristics of the patients who experienced nonsurgical bleeds are presented in ►Table 1.
Surgical Bleeding-Minor Procedures
Treatment and Outcome
Of the 36 minor surgical procedures performed, dental procedures were most common (25/36; 69.4%), followed by nasal procedures (4/36; 11.1%). Most minor procedures (►Table 2A) were treated with rFVIIa, either alone (6/36; 16.7%), with AF (6/36; 16.7%), or PTs (12/36; 33.3%). Data on the number of minor procedures rated as "effective" (see definition in ►Supplementary Table S1 ) for the different treatments (overall and stratified according to the status of platelet AB and platelet refractoriness) are provided in ►Table 2A.
Treatment with rFVIIa
Data on rFVIIa use were available for 18 minor procedures treated with rFVIIa, rFVIIa þ AF, or rFVIIa þ PT AE AF; 100% of treatments were rated effective for rFVIIa (6/6) and rFVIIa þ AF (6/6), and 83.3% (5/6) of treatments were rated effective for rFVIIa þ PT AE AF (►Table 2A). For all minor procedures, median rFVIIa dose was 175 μg/kg (range: 3.6-300; interquartile range [IQR] : 110 μg/kg), median number of doses was two (range: 1-20; IQR: 2) and median interval between doses was 2 hours (range: 2-6; IQR: 1 hour) (►Table 3). Abbreviations: AB, antibodies; AF, antifibrinolytics (e.g., tranexamic acid); PT, platelet transfusions; rFVIIa, recombinant activated factor VII.
a Effectiveness outcome was missing for nine nonsurgical bleeds. Missing data are categorized as follows: spontaneous bleeding (n 
Treatment with Platelets
Treatment with PT AE AF was used in 12 minor procedures, with 91.7% of treatments overall being rated effective (►Table 2A). This treatment was rated effective in all five procedures in the no AB/no refractoriness group and in six of seven procedures in the AB-only group. For the six minor procedures treated with rFVIIa þ PT AE AF, 83.3% were rated effective overall (►Table 2A).
Ineffective Treatments
One of the 36 minor procedures was rated "ineffective" (no AB/no refractoriness; AF only) using PT AE AF.
Surgical Bleeding-Major Procedures
Treatment and Outcome
Of the eight major surgical procedures performed, gastrointestinal and circumcision procedures were most common (n ¼ 3; 37.5% each). Major procedures were treated most frequently with rFVIIa þ PT AE AF (n ¼ 3; 37.5%). All major procedures occurred in the no AB/no refractoriness group. Effectiveness ratings for the different treatments for major procedures (overall and stratified according to the status of platelet AB and platelet refractoriness) are provided in ►Table 2A.
Treatment with rFVIIa
Data on rFVIIa use were available for analysis in six major procedures treated with rFVIIa, rFVIIa þ AF, or rFVIIa þ PT AE AF, with 100% of treatments rated effective for rFVIIa (1/1) and rFVIIa þ AF (2/2); 0% (0/3) of treatments were rated effective for rFVIIa þ PT AE AF (►Table 2A). For all major procedures, the median rFVIIa dose was 90 μg/kg (range: 79-180); median dose interval was 3 hours (range: 1-30 hours). The median number of doses was 9.5 (range: 1-22) and the median cumulative rFVIIa dose was 1,035 μg/kg (range: 180-2,608) (►Table 3).
Treatment with Platelets
The effectiveness outcome for major procedures treated with platelets (PT AE AF and rFVIIa þ PT AE AF) was available for four cases (►Table 2A). Of these, the one treated with PT AE AF was effective.
Partially Effective/Ineffective Treatments
Of the eight major procedures, three were rated as either partially effective (n ¼ 2) or ineffective (n ¼ 1) in patients treated with rFVIIa þ PT AE AF with no AB/refractoriness. No postsurgical bleeding was reported following rFVIIa and/or platelet treatment for major procedures (as defined in ►Supplementary Table S1 ).
Safety Data
For surgery, one nonserious adverse event (AE) was reported in the GTR, which was an incidence of pyrexia in a male child without platelet AB or refractoriness, who was treated with rFVIIa þ PT þ AF (major surgery). It was considered unlikely that this AE was related to rFVIIa, and the patient recovered completely. ►Supplementary Table S3 summarizes the AEs reported in treated patients.
Nonsurgical Bleeding
Treatment Dosing and Scheduling
Regardless of bleeding severity, the PT AE AF combination was the most commonly used treatment (►Supplementary Fig. S1 ). The number of rFVIIa doses, cumulative dose, and overall duration of treatment were greater in patients with severe bleeds than in those with moderate bleeds. They were also greater in patients with a history of AB and/or refractoriness to platelets versus patients without such medical history (►Table 3).
Evaluation of Treatment Effectiveness
Overall, treatment was judged as effective (see ►Supplementary Table S1 for definition) in 89.3% (75/84) of bleeds treated with rFVIIa alone, 86.0% (147/171) with AF alone, 84.2% (64/76) with rFVIIa þ AF, 75.7% (162/214) with PT AE AF, and 73.3% (33/45) with rFVIIa þ PT AE AF (►Table 2B). For 73 moderate bleeds treated with rFVIIa (either alone, with AF, or with PT) for which information on treatment duration was available, the median total duration of rFVIIa treatment was 6 hours. For 36 severe bleeds treated with rFVIIa (either alone, with AF, or with PT) for which information on treatment duration was available, the median total duration of rFVIIa treatment was 26.5 hours. In addition, the median total duration of treatment was 4 hours for 20 bleeds with AB, 11 hours for 13 bleeds with AB þ refractoriness, 5 hours for 57 bleeds without AB or refractoriness, and 34 hours for 19 bleeds with refractoriness.
Ineffective Treatment
Ineffective treatment was documented in 13 cases (2.2% of the total number of patients), comprising three severe bleeds and 10 moderate bleeds. Of these, seven had a history of AB/refractoriness. Regarding the initial treatment employed, 8 of the 13 cases were receiving AF, 3 were receiving PT AE AF, and 2 were receiving rFVIIa þ AF. 
Safety Data
For the nonsurgical bleeding results presented in this article, 24 AEs were reported (including six serious AEs; ►Supplementary Table S3 ). For bleeds where patients received rFVIIa, eight AEs occurred, five of which were serious (subarachnoid bleeding, septicemia, respiratory insufficiency, cardiac decompensation, and rebleeding/hematoma due to a fall) and three nonserious (bacterial infection, fever, and headache). All were judged by the investigators as unlikely to be related to rFVIIa treatment. For the subarachnoid bleed, it was not possible to confirm the time relationship between this serious AE and rFVIIa treatment, i.e., whether rFVIIa was used to treat the subarachnoid bleed or not, and whether this is related to a lack of efficacy for rFVIIa or not. No thromboembolic events or unexpected laboratory values were reported for any of the treatments for nonsurgical bleeds.
Discussion
The GTR data reported here have been taken from the largest observational study on patients with GT and include information on the management of invasive procedures; the shortcomings of the previous survey 4 have been addressed through consideration of the use of hemostatic agents other than rFVIIa. For the most part, this subgroup analysis confirmed previous insights. rFVIIa and other currently available treatments for bleeding in patients with GTwere found to have good safety and effectiveness profiles in most children, in both surgical and nonsurgical bleeds. When compared with previous GTR analyses, overall there were no relevant differences between children and adults regarding effectiveness and safety of the studied treatment options (with the exception of PT for treatment of nonsurgical bleeds in children with AB and refractoriness, which was less effective than in adults).
5,6
The surgical patient subgroups included in the discussion below (e.g., patients with or without AB/refractoriness) were based on low patient numbers (►Table 2).
Treatment with rFVIIa
In general, rFVIIa, alone or with AF, was used more frequently than platelets (PT AE AF) in surgical patients with AB and refractoriness, in surgical patients with major procedures, in nonsurgical patients with refractoriness only, and in nonsurgical patients with posttraumatic bleeding. The numbers receiving rFVIIa AE AF were similar in both surgical patients without AB/refractoriness and those with minor procedures overall. In all other subgroups, rFVIIa, alone or with AF, was used less often than platelets. The GTR results further indicate that rFVIIa has a good safety profile in patients with GT. Assessment of rFVIIa dose and dosing schedule in this registry suggests that, in patients without AB or refractoriness, rFVIIa 90 to 120 μg/kg given at approximately 2 to 4-hour intervals (median: 2-3 hours) for !3 doses (median: 1-5.5, until effective hemostasis) could be used, with the first dose given immediately preoperatively in surgical patients. As reported by Poon et al, 6 this is similar to the regimen previously suggested for bleeding episodes (rFVIIa !80 μg/kg at intervals of 2.5 hours for !3 doses), 4 and is also similar to standard rFVIIa dosing in patients who have congenital hemophilia A or B with inhibitors.
7
A median rFVIIa dose of 90 μg/kg was used most frequently in nonsurgical patients with AB and/or refractoriness, and in surgical patients with neither of these (200 μg/kg was used in surgical patients with AB and/or refractoriness). The median dose interval was 3 hours, except in surgical patients with AB and/or refractoriness (for whom it was 2 hours). For severe bleeds, the number of doses reported was understandably higher than for moderate bleeds. In addition, severe bleeds were also associated with longer treatment duration and higher cumulative doses. Based on these results, rFVIIa at !90 μg/kg at intervals of 3 hours should be used, at least at the beginning of treatment. The subsequent number of doses required would need to be determined by the clinical situation and dosing should be continued until hemostasis is assured.
Treatment with Platelets
PT was generally effective in covering surgical procedures and nonsurgical bleeds in patients, both with and without historic report of platelet AB and/or refractoriness. An exception is the much lower response rate for nonsurgical bleeds in children with AB and refractoriness (30/57, 52.6%) when compared with adults with AB and refractoriness (25/28, 89.3%).
5 Notably, some procedures in the AB-only group, as well as some nonsurgical bleeding episodes in patients with AB and/or refractoriness, had a successful outcome with PT AE AF (►Table 2). A possible explanation for this is that, in some patients with a history of AB, they were no longer present at the time of surgery and patients who had been refractory before were no longer. As discussed by Di Minno et al, 5 although comprehensive data on the natural history of inhibitors in GT are lacking, it is possible that the effectiveness of platelets in such a setting may be associated with the long time intervals between exposure to platelets in GT and possibly also to the transient nature of the inhibitors. Furthermore, Poon et al suggested that the reason for this effectiveness may be that patients with HLA AB were receiving only HLA-matched platelets. Nevertheless, even if HLA-unmatched platelets are provided, prior data indicate that >50% of patients may not display refractoriness to PT. [8] [9] [10] As previously noted for the GTR in surgical intervention, 6 these observations suggest that treatment with platelets may be attempted when other agents are ineffective or not available-even in patients with a history of AB and/or refractoriness. 
Combined Treatment Using Platelets and rFVIIa
A key question is whether combined use of platelets and rFVIIa (rFVIIa þ PT AE AF) has an advantage over rFVIIa (alone or with AF) or PT AE AF. 4 This pediatric analysis correlated with prior data reported from the GTR indicating that rFVIIa þ PT AE AF was less effective than rFVIIa and rFVIIa þ AF. 6 As previously suggested, based upon the observational nature of the registry, 6 rFVIIa þ PT AE AF may have been used in patients with particularly difficult or challenging clinical situations and often when platelets may have been added to rFVIIa AE AF or rFVIIa added to PT AE AF. Further hemostatic agent(s) might have been added to the regimen when effectiveness was in doubt while using other hemostatic agents.
Treatment with AF
The relative proportion of AF use for bleeds (both moderate and severe), as well as for surgical prophylaxis (both minor and major), was similar in both children and adults. 
Safety
A potential concern with the use of rFVIIa in patients with GT is whether rFVIIa is thrombogenic. The pediatric data reported here suggest that all systemic hemostatic agents used had a good safety profile in surgical procedures for these patients. Among the 599 nonsurgical bleeding episodes in 104 patients and 44 procedures performed in 27 patients, no thromboembolic events were reported. Thus, rFVIIa appears to be a valid first-line treatment option for nonsurgical bleeds in pediatric patients with GT who are awaiting HLA-compatible platelet concentrates or for concentrates prepared from single-donor apheresis. Indeed, rFVIIa has been licensed for use in GT when platelets are not readily available.
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Limitations
As previously reported, 6 the major limitations of these GTR data are that they were not obtained using a defined treatment protocol in a randomized manner and treatment effectiveness and safety were not assessed at multiple, consistent, predefined time points. Furthermore, the frequent use of multiple agents in GT and delays in obtaining platelets make it particularly difficult to attribute effectiveness to any one or more products. Previously, Di Minno et al at the request of the EMA. Furthermore, as the coding of history of AB or refractoriness was performed at first admission and when the investigator considered appropriate, 6 the lack of documentation of specific antibody testing or refractoriness at the time of a particular episode limits the analysis (particularly for use of platelet-based regimens). The rarity of GT also hinders the performance of formal clinical trials; pediatric data reported here represent the largest dataset available in the literature, including those in other databases. 16, 17 These registry data represent real-life clinical practice and the standards of care at participating sites. Narrative information, as provided in the GTR, often gives additional useful insights that may differ from the coding of effectiveness at an earlier time point after surgery. In summary, this post hoc analysis suggests that, when managing children with GT and surgical or nonsurgical bleeding episodes, rFVIIa, PT, and AF are valid first-line treatment options as they appear effective and safe. Given the selection bias in choice of treatment and adaption of treatment to clinical response, treatment strategies cannot be compared in observational studies. For first-line treatment of nonsurgical bleeds with AF, we suggest introducing other treatment options if AF proves insufficiently effective. For major surgical procedures, AF should only be used as a first-line therapy when rFVIIa or platelet concentrates are available as a backup treatment option. In cases of severe bleeding, a combined treatment with AF, rFVIIa, and platelet concentrates may be necessary. The available observations suggest that treatment with platelets may be attempted when other agents are ineffective or not available-even in patients with a history of AB and/or refractoriness. As there were no relevant differences between children and adults regarding effectiveness and safety of the studied treatment options (with the exception of PT in the treatment of nonsurgical bleeds in children with both AB and refractoriness), the treatment of children should not differ notably from that of adults. 5, 6 
